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PROCESS FOR MANUFACTURE OF BISPHENOLS 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application is a continuation of Application No. 10/248,155 filed on 
December 20, 2002, the entire contents of which are incorporated herein by reference. 

BACKGROUND 

[0001] The present disclosure relates to methods for the manufacture of 
bisphenols. In particular, the present disclosure relates to methods for improving the 
efficiency of the manufacture of bisphenols. 

[0002] Bisphenols are used as raw materials in the preparation of chemical 
products such as epoxy resins and polycarbonates. They are commonly prepared by 
the condensation of phenols and ketones in the presence of either an acid catalyst, or 
an active ion exchange catalyst. Often, a promotor (often referred to as a co-catalyst) 
is used in the reaction. 

[0003] Typically the catalysts used in the production of bisphenols undergo 
rapid deactivation. There are many possible reasons for deactivation, including the 
presence of excess acetone, bisphenolic tars, and other reaction by-products. 
Replacing the catalyst is expensive, requires significant labor under adverse 
conditions, and creates chemical wastes that must be properly disposed of. The use of 
a promotor while advantageous to the reaction is extremely expensive and any 
reduction in promotor quantity while maintaining or increasing reactor output is 
highly desirable. 

[0004] A particular route for improved bisphenol production and increased 
catalyst lifetimes involves recycling effluent from the reactor. For example, U.S. 
Patent No. 4,308,404 teaches that recycling effluent from any one reactor, which is 
part of a series, back to the reaction zone, can increase catalyst life. This patent 
requires however that the reaction zone be constituted of at least two reactors in order 
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to increase catalyst life. Further, it proscribes recycling effluent from the last reactor 
to the reaction zone. 

[0005] U. S. Patent No. 5,786,522 also teaches partial recycling of dehydrated 
effluent from the reactor back into the input stream in order to produce bisphenols, 
which are further utilized in polycarbonates to improve color. 

[0006] Despite a large number of methods proposed for the production of 
bisphenols, there nonetheless remains a need in the art for effective, efficient methods 
that are suitable for large-scale, industrial production processes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] The Figure is a process flow diagram showing an embodiment of a 
method for improved bisphenol production, increased catalyst lifetimes, improved 
reactor selectivity and reduced promotor quantity. 

SUMMARY 

[0008] A method for the manufacture of bisphenols comprises introducing a 
combined feed stream comprising a feed stream and a recycle stream into a reactor 
system comprising at least one reactor containing a catalytic proportion of an acid 
catalyst and wherein the combined feed stream comprises a carbonyl compound and a 
stoichiometric excess of phenol; removing from the reactor system a reactor effluent; 
splitting the reactor effluent into a crystallization feed stream and an effluent recycle 
stream; extracting from said crystallization feed stream a bisphenol adduct, remainder 
comprising a mother liquor stream; dehydrating said mother liquor stream and said 
effluent recycle stream in a dehydrator wherein excess water and carbonyl compound 
are removed; and recycling the dehydrated mother liquor and the dehydrated effluent 
recycle stream back to the combined feed stream to effect improved production of 
p,p-bisphenol, along with increased reactor selectivity and reduced promoter 
quantities. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0009] The inventors hereof have discovered that in the process for 
manufacturing p,p-bisphenol (hereinafter BP A), reduction in carbonyl compound 
concentrations in the combined feed stream 14 can be used to improve reactor 
selectivity. The reduction in carbonyl compound concentrations in the combined feed 
stream 14 is achieved by dehydrating a portion of the reactor effluent 18 such that 
there occurs an increase in the phenol/BPA concentrations with a consequent 
improved catalyst performance and increased reactor selectivity. During the 
dehydrating of the reactor effluent 18, the reduction in the carbonyl compound 
content along with the water content results in a corresponding increase in the 
phenol/BPA concentration in the recycle stream 12 emanating from the dehydrator 
which consequently leads to an increase in the phenol/BPA content in the combined 
feed stream 14. 

[0010] Alternatively if the carbonyl compound is returned to its original value 
by the re-addition of fresh carbonyl compound to the combined feed stream 14, plant 
capacity for the production of p,p-bisphenol is tremendously increased, or the 
promoter usage can be reduced. 

[0011] In an advantageous mode of operation, it is desirable to recycle an 
amount greater than or equal to about 6, preferably greater than or equal to about 8, 
more preferably greater than or equal to about 10 wt% of the reactor effluent 18 to the 
combined feed stream 14. It is also desirable to recycle an amount of less than or 
equal to about 22, preferably less than or equal to about 20, more preferably les than 
or equal to about 18 wt% of the reactor effluent 18. In recycling the reactor effluent 
18 between the above-specified amounts, the carbonyl compound concentration in the 
combined feed stream 14 can be reduced by an amount greater than or equal to about 
15, preferably greater than or equal to about 20, more preferably greater than or equal 
to about 25 wt% when compared with a process where the reactor effluent 18 is not 
recycled. Similarly the carbonyl compound in the feed stream can bei*educed by an 
amount less than or equal to about 35, preferably less than or equal to about 30, more 
preferably less than or equal to about 28 wt% of the combined feed stream 14, In 
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addition, promoter concentration is reduced by an amount greater than or equal to 
about 10, preferably greater than or equal to about 15, more preferably greater than or 
equal to about 20 wt% as compared with a process wherein the reactor effluent 1 8 is 
not recycled. In general, the promotor concentration can be reduced by an amount of 
less than or equal to about 30, preferably less than or equal to about 28, more 
preferably less than or equal to about 25 wt% as compared with a process wherein the 
reactor effluent 18 is not recycled, while maintaining constant production output. 
Further, in a special embodiment involving increased production, without any 
reduction in carbonyl compound and promotor concentration, an increase in the daily 
production rate of BP A of greater than or equal to about 5, preferably greater than or 
equal to about 6, more preferably greater than or equal to about 7 wt% can be 
achieved through recycling a portion of the reactor effluent 18. Similarly daily 
production rate of BPA can be increased by an amount of less than or equal to about 
1 1 , preferably less than or equal to about 1 0, most preferably less than or equal to 
about 8.5 wt% can be achieved through recycling a portion of the reactor effluent 18. 

[0012] In general, phenols suitable for use in preparing the bisphenols have a 
reactive hydrogen preferably in the para-position relative to the phenolic hydroxyl 
groups. Such phenols may be substituted by one or more alkyl groups such as lower 
alkyl groups, e.g., methyl, ethyl or tertiary butyl groups, halogen atoms such as 
chlorine atoms, other substituents which do not interfere with the carbonyl 
condensation reaction, or combinations comprising at least one of the following 
phenols. Exemplary phenols include ortho- and meta-cresol, 2,6-dimethylpheftol 
ortho-sec. butylphenol, 1,3,5 xylenol, tetramethylphenol, 2-methyl-6-tert. 
butylphenol, orthophenylphenol, ortho- and meta-chlorophenol, ortho-bromophenol, 
2,6-dichlorophenol, and the like. Most preferred is phenol. 

[0013] The carbonyl compounds used in the process may be aldehydes, or 
ketones. Preferably, the carbonyl compounds are ketones. Specific ketones include 
acetone, methyl ethyl ketone, methyl propylketone, methyl vinyl acetone, 
acetophenone and cyclohexanone, and combinations compromising at least one of the 
foregoing ketones. Particularly preferred is acetone. 
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[0014] A variety of catalyst systems may be used in the process as desired. 
Homogeneous catalysts like hydrochloric acid, sulfuric acid, or Lewis acids would be 
suitable for some embodiments. However, heterogeneous catalyst systems are 
preferred. In particular, the use of an ion exchange resin is often the most efficient 
means of catalysis. These resins participate in fewer side reactions. Moreover, 
because they are insoluble, they remain in the reactor system, and do not contribute to 
downstream corrosion problems. 

[0015] Ion-exchange resins are well known in the art and described in various 
sources, such as Kirk-Othmer's Encyclopedia of Chemical Technology, 3rd Edition, 
Vol. 9, pp. 256 and 296-297 (1980); and Vol. 13, pp. 678 et seq. (1981). The use of 
ion-exchange resins for catalysis is also described in Kirk-Othmer's Encyclopedia of 
Chemical Technology, 4th Edition, Vol. 14, pp. 777-778 (1995). In particular, strong- 
acid types of resins are suitably employed. Preferably, the catalysts are sulfonated 
aromatic resins comprising hydrocarbon polymers having a plurality of pendant 
sulfonic acid groups. The pendant sulfonic acid groups are typically 2 or 4% divinyl 
benzene crosslinked. Sulfonated polystyrene, poly(styrenedivinylbenzene) 
copolymer, and sulfonated phenolformaldehyde resins have utility in this regard. 
Commercial examples of suitable ion exchange resins are the AMBERLYST® 
materials (e.g., AMBERLYST® 1 5) and AMBERLITE® materials (e.g., 
AMBERLITE® 131 and AMBERLITE® 1 18), available from Rohm & Haas Company; 
and the DOWEX® products, which are available from Dow Chemical Company, as 
well as Kl 131 and K1221 from Bayer Chemical Company. 

[0016] The exchange capacity of the acidic resin is preferably at least about 
2.0 milliequivalents (meq.) of hydrogen ion (H + ) per gram of dry resin. Ranges in an 
amount of about 3.0 to about 5.5 meq H + per gram of dry resin are most preferred. 

[0017] In prior art processes for preparing various bisphenols, the ion 
exchange resin catalysts often required pre-treatment with a sulfur-comprising 
promoter. Examples include thiol i.e. (mercaptan)-based compounds such as methyl 
mercaptan, ethyl mercaptan, propyl mercaptan, 3-mercaptopropionic acid (hereinafter 
referred to as 3-mpa) or combinations comprising at least one of the aforementioned 
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promotors, which are covalently or ionically linked/bonded to the catalyst. 
Preferably, the promotor is 3-mpa. A reduction in the amount of promo tor can 
* represent considerable savings especially in a large scale manufacturing operation. 

[0018] It is generally desirable for the promotor to be present in an amount of 
greater than or equal to about 500, preferably greater than or equal to about 750, more 
preferably greater than or equal to about 1000 ppm with respect to the total weight of 
the combined feed stream. It is also generally desirable for the promotor to be present 
in an amount of less than or equal to about 10,000, preferably less than or equal to 
about 5000, more preferably less than or equal to about 4500 ppm with respect to the 
total weight of the combined feed stream. 

[0019] Referring now to the Figure, a process flow diagram schematically 
depicts an exemplary embodiment for manufacture of bisphenols. A feed stream 10 
comprising a carbonyl compound and phenol, as described above, is combined with a 
recycle stream 12 forming a combined feed 14 that is introduced into a reactor 16. In 
one embodiment, reactor 16 is generally a catalyst reactor comprising divinyl benzene 
cross-linked sulfonated polystyrene ion exchange resin catalyst in the form of large 
beds within tanks and optionally includes one or more promoters described above. 

[0020] Reactor effluent 18, emanating from the reactor, is distributed by 
splitter 20 into an effluent recycle stream 24 and a crystallization feed stream 22. A 
bisphenol adduct 26 (which may contain other components such as phenol) is derived 
from crystallization feed stream 22 via a crystallization step 28, such as a multiple- 
stage crystallization and/or distillation. In certain embodiments, the effluent at the 
crystallizer is distilled generally to remove excess phenol, and the distillate is then 
crystallized to obtain BP A crystalline adduct. A mother liquor stream 30 obtained 
after the removal of the bisphenol adduct along with effluent recycle stream 24, are 
dehydrated at a dehydrator 32. The excess water and/or acetone is removed via an 
excess stream 34, resulting in recycle stream 12. A purge stream 36 is further 
removed. 
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[0021] In one embodiment, the combined feed stream 14, which comprises the 
feed stream 10 and the recycle stream 12 comprises an amount greater than or equal 
to about 1, preferably greater than or equal to about 2, most preferably greater than or 
equal to about 3 wt% carbonyl compound. It is generally desirable for the combined 
feed stream 14 to have an amount less than or equal to about 8, preferably less than or 
equal to about 6 and more preferably less than or equal to about 5 wt% carbonyl 
compound. 

[0022] The combined feed stream 14 also comprises an amount greater than or 
equal to about 60, preferably greater than or equal to about 65, most preferably greater 
than or equal to about 70 wt% phenol based upon the total weight of the combined 
feed stream 14. It is also generally desirable for the combined feed stream 14 to 
comprise an amount of less than or equal to about 85, preferably less than or equal to 
about 80, more preferably less than or equal to about 78 wt% phenol based on the 
total weight of the combined feed stream 14. Additionally, the combined feed stream 
14 may comprise about 0.01 to about 3 wt% water, about 5 to about 20 wt% p,p- 
bisphenol and about 1 to about 7 wt% o,p-bisphenol. All the aforementioned weight 
percentages are with respect to the total weight of the combined feed stream 14. 

[0023] The reactor effluent 18 emanating from reactor 16 generally comprises 
the following constituents, weight percentages being measured with respect to the 
total weight of constituents in the reactor effluent 18. It comprises greater than or 
equal to about 0.1, preferably greater than or equal to about 0.2,. most preferably 
greater than or equal to about 0.3 wt% carbonyl compound. In general, the reactor 
effluent 18 emanating from reactor 16 comprises less than or equal to about 1.8, 
preferably less than or equal to about 1.2 and more preferably less than or equal to 
about 0.75 wt% carbonyl compound. The reactor effluent 18 also comprises greater 
than or equal to about 50, preferably greater than or equal to about 55, most 
preferably greater than or equal to about 60 wt% phenol. The reactor effluent 18 must 
also comprise an amount of less than or equal to about 75, preferably less than or 
equal to about 70, more preferably less than or equal to about 65 wt% phenoL The 
p,p-bisphenol which is the chief objective of the process is present in the reactor 
effluent 18 in an amount of greater than or equal to about 20, preferably greater than 
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or equal to 21, more preferably greater than or equal to about 22 wt% of the reactor 
effluent 18. In general the p,p-bisphenol is present in the reactor effluent 18 in an 
amount of less than or equal to about 30, preferably less than or equal to about 28 
wt% and more preferably less than or equal to about 26 wt% of the reactor effluent. 
In addition water which is a byproduct of the condensation reaction between the 
carbonyl compound and phenol is present at about 0.5 to 3 wt%, along with o,p- 
bisphenol at about 1 to about 7 wt% and a small amount of other reactants introduced 
into reactor 16 as part of the combined feed stream 10. 

[0024] The reactor effluent 1 8 is subsequently directed to a splitter where an 
amount greater than or equal to about 3, preferably greater than or equal to about 5, 
more preferably greater than or equal to about 8 wt% of total effluent is split off into a 
effluent recycle stream 24 and sent to the dehydrator 32. It is also generally desirable 
to split off from the reactor effluent 18 an amount less than or equal to about 30, 
preferably less than or equal to about 28, more preferably less than or equal to about 
25 wt% of reactor effluent 18 to effluent recycle stream 24. Optionally, if a portion of 
the reactor effluent 18 is recycled, the flow over the reactor has to be increased in 
order to maintain an undiminished supply of effluent to the crystallizer. After the 
bisphenol/phenol adduct is crystallized out, the remainder called the mother liquor 30 
is sent to the dehydrator where it is combined with the effluent recycle stream 24 to be 
stripped of water and optionally acetone. 

[0025] In one embodiment the dehydrated recycle stream 12 emanating from 
the dehydrator comprises about 70 to about 80 wt% phenol, about 0.1 to about 0.3 
wt% water, about 0.1 to about 1 wt% carbonyl compound, about 8 to about 15 wt% 
p,p-bisphenol, about 3 to about 4 wt% o,p-bisphenol, about 0.5 to about 1.5 wt% 
chromane, about 1 to 1.5 wt% dimers and about 0.7 to about 1.5 wt% of BPX-1. 

[0026] In a preferred embodiment, in one manner of proceeding, the reactor is 
first started up by feeding a mixture of carbonyl compound and phenol in the form of 
feed stream 10 to the reactor. The carbonyl compound and the phenol undergo a 
reaction in the reactor 16 to yield the reactor effluent 18 which eventually yields the 
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combined feed stream 14 following the removal of the bisphenol adduct and the 
dehydration of water and acetone as described above. 

[0027] Following the start -up of the reactor, in successive processes or cycles 
to yield bisphenol, the feed stream 10 is combined with the dehydrated recycle stream 
12 to form the combined feed stream 14. The temperature of the combined feed 
stream 14 is generally adjusted as desired. After hydraulic flow of the combined feed 
stream 14 over the cationic exchange resin in the reactor 16, effluent containing 
bisphenol product is removed from the reactor and directed to the splitter 20, wherein 
a certain portion of the effluent is further directed to the crystallizer 26 where 
bisphenol is crystallized out. The mother liquor 30 together with the effluent recycle 
stream 24 is sent to the dehydrator either simultaneously or sequentially. After 
removal of water and acetone through dehydration and purging, the dehydrated 
recycle stream 12 is combined with fresh phenol and acetone to reconstitute the 
combined feed stream 14, Bisphenol production is generally increased as a result of 
recycling effluent. 

[0028] The invention is further illustrated by the following non-limiting 
examples. 

Example 1 : 

[0029] In this simulated baseline example shown in table 1 below, the reactor 
effluent 18 was not split and all of the effluent was sent to the crystallizer wherefrom 
the mother liquor was sent to the dehydrator. Bisphenol production processes were 
established utilizing four reactors each loaded with 35 tons 4% CL catalyst, which is 
an acidic form of sulfonated polystyrene cross-linked with divinylbenzene having an 
activity of 1.0 and capable of handling a total hydraulic flow of 150 (cubic 
meters/hour) mVhour. Promoter 3-mpa was utilized at 2568 parts per million (ppm). 
The reactor effluent 18 directed towards the crystallizer was 117 tons/hour. The 
reaction inlet temperature was maintained at about 56°C. The total bisphenol 
output/day is shown in the Table 1 below to be 398.95 tons. 
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Table 1. 
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Example 2: 

[0030] Bisphenol production processes were established utilizing four reactors 
each loaded with 35 tons 4% GL catalyst with activity 1.0 and capable of handling a 
total hydraulic flow of 150 m 3 /hour. Reactor inlet temperature was 56°C. Promo tor 3- 
mpa was utilized at 2568 ppm. This case assumes that 10 (and 16) % of the effluent 
is recycled back to the dehydrator and that the flow over the reactors is increased to 
maintain the feed to the crystallizer at 117 tons/hr. The fresh acetone/phenol to the 
process are increased to maintain the same acetone concentration as at present. Inlet 
temperature is maintained at 56°C. With 10 (or 16) % recycle of reactor effluent 18 
to dehydration, the following equilibrium shown in Table 2 is reached. It can also be 
seen that if acetone concentrations are maintained at a constant levels relative to the 
total weight of all inputs that the bisphenol production is increased dramatically 
(426.3 tons/day at 10% recycle) when compared with the production in example 1 
(398.95 tons/day) wherein no recycle was attempted. 
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Table 2 
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Example 3: 

[0031] Bisphenol production processes were established utilizing four reactors 
each loaded with 35 tons 4% crosslinked (CL) catalyst with activity 1.0 and capable 
of handling a total hydraulic flow of 150 m 3 /hour. Reactor inlet temperature was 
56°C. This case assumes that 10% of the reactor effluent 18 is recycled back to the 
process reactor feed via dehydration and that the flow over the reactors is increased to 
keep the feed to the crystallizer constant at 117 tons/hr. The fresh acetone and phenol 
feed to the process is increased slightly and the 3-mercapto propionic acid is reduced 
to maintain the same production as at present. With 10 % recycle of reactor effluent 
18 to dehydration/reactor feed, and 1928.2 ppm 3-mpa to the reaction feed, the 
following equilibrium is reached: 
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Table 3 
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[0032] Thus by comparing the bisphenol output from Example 3 with that of 
Example 1 it can be seen that by recycling some of the reactor effluent 18, it is 
possible to use much reduced quantities of the promptor 3-mpa (2568 vs. 1928 ppm) 
while producing essentially the same output of bisphenol. 

[0033] While preferred embodiments have been shown and described, various 
modifications and substitutions may be made thereto without departing from the spirit 
and scope of the invention. Accordingly, it is to be understood that the present 
invention has been described by way of illustrations and not limitation. 
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